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Abstract : Approximately 6,000 chemicals are transported through the sea, including hazardous and noxious substances (HNS), which cause marine
pollution and are harmful to marine life. The HNS discharged into the sea during the maritime transportation process undergoes physical and chemical
changes on the sea surface and in seawater, and some types of HNS sink and are deposited on the seabed. The HNS deposited on the seabed adversely
affects the benthic ecosystem, and hence, it is desirable to detect, treat, and recover the HNS on the seabed. Therefore, this study was conducted to
analyze the performance requirements that should be considered as the top priority when developing a mechanical system for recovering the HNS
deposited on the seabed. Various types of existing dredging devices used for collecting and recovering pollutants from river beds and seabeds were
investigated, and 10 performance indices for the mechanical devices were selected. The new performance requirements for the development of the
seabed-deposited HNS recovery system were proposed using performance indices. By considering the depth of water in domestic seaports, some of the
performance requirements of the mechanical system for recovering deposited HNS from the seabed were obtained as follows: production rate (50 - 300
m*/hr), maximum operation depth (50 m), sediment type (most forms), percentage of solids (10 % or higher), horizontal operating accuracy (£10 cm),
limiting currents (3 -5 knots). These performance requirements are expected to be useful in the conceptual and basic design of mechanical systems for

recovering seabed-deposited HNS.
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1. M B 2 A8H 3 Ak o AL AdKAED 2T o)
W) Ol d ) 7k gelel wa o Aol of7] A HNsE
)

#1831 &2 (HNS, Hazardous and Noxious substances) 3  ‘917+2] AZ}3} | A = PEA =2 227
U LANNAY AFAEC H2d SHEAE I HAHAHS EFAIIAY GE FE QA vitte] o] )
Aol = vzel, A A 53 2 60000159 e b HE 78S A3 AR Aolstal JrHKim and Lee,
AEo] e Bl wFH Jon, s Fe 54 4 2017)

e ol ol st Atk Syl FHAE AL A S

(SANCHI) Aparsh ko] el o3t SHE(ZHM0IE) +%& 2.2 SiXEA HNS

Abare whA g ub ok, oAl 2 A A T 2.4 A B (ITOPF) ol A g Ao 5ol o8 frEH stEAEMHNSE £33
= HNSY| &2 dgegel Azhek &8 fddta 4 52 tdd 224, 3oy wslyp Gy §E9 3t
wsta ek 2 WAYSFS el Ve dEFE v BA AFS 23 FEHI F P A7 FoF WEsig 54
EEA 0 A, AL, ol XA arE o AY AXE VT 9o EEA, ety o] uEt o] 243l Aol AR =
o el & sl ey 54, AE MAA A3 22> d o] & SEBC(Standard European Behavior Classification)@ 3 &
A ®sl oz AefA ArhKim et al, 2015). HNST 5 3kal ok i) A4 B4 she vd AsS 74
=, Fx T b Abate] wFo] Hol glom, thE Myt X g A SAwME, dE F)oE A o AsS
Aol @y, duk Alayp whetE A E HNSTF 52 3t(Jeong et al, 2017). L2 SEBC ZEOE AT 9o
7FsAd el EH(Park et al, 2016). A& E HNS7} f-=¢] HWH, ©, o]= EdA 20T XA &4 EZQ o A4dA
frad EAES vde 24, 38t wst Bt 8 AlES 7|Wo R gtk Aot olefgh 2312 el A
AR 7] AAE HNSw siA ] FA o] AEjsty o doju= AT AAEE] thEn, 4] AA AsT o
2 2 o}YFgS Tl JO T E (Han et al, 2018), o] & WE=A] 22 7 Fo] FPE] e F deS v sk

@x]stal 2 e]sle] 3]s ofvk $Hrh(Hwang and Lee, 2019).
B Ao = s Ao A H HNSE 3|53r] Y% 7=
Mol 24& sta, ZAA sl5dA] 7l e #H9-

EVA| TOR FLOATER Di R SINKER
evaporator
solver evaporator  dissolver  dissolver issal
E S

ED __F __FE_FED FD D DE

Aoz Had AA WS A7) st 7144 3
FAo] Aeads BAsta A stk de el EAS
& 7]E2] Aoy nithe] uietHo] FA o] = LA E
S e e A Aol dial Abebar A st
th ZIAZA S AR 3¢ WA HE 3 A oR
ol 7hestd, ZF Wale] wE kgt FAES vals)
A 8l g Aol g BAe T 7))
3R Hgt JsAxe] =&Y Aol 7HEsith A
ARE B3l 7 S ggk 54 2 Fude] vt
Solth AEAEE 83 B4 Vo= A4 HNS
o] 355 Y3 VAIA Y AU ES Atk o=
HE5 = 75 7oz sk HA7 sbesh, F3ol Fig. 12> 2<d¢de] 5= 549 Aol ©E SEBC w7
7bs8 Q7S o] th(Hwang et al, 2020). A¢HE Asane  UEhdth sstEAe] AR dlFnud A T 4d
7NAA B e MIAA} NEAAS sy = e HH, ol B Gas(G, GD)Oll P et olH EHES
ZIqte]l & FojH, o] AT AL WHA Y= VAF 5 fréte HAE dAETS flE e AeAes S U
FAE NSk dof o] 8E o2 V|uE. 7} ol A A= H7Fs7| = FclJang et al, 2017). 3
7ol os ElAE sstEde o whEo] o7l
2. A g7l & (HNS) Hol AA 9 Ho] st Aj7te] AgFT) o]ef o
HNS7} sl A= 7}eteks 2 $7) Sinker(S, D)ol 8l F-abH,
21 RN EE He AT 5 HE o] BHES WA oR g o HNS
3]

AP FEAENS)S thdst gAF ol Aosta 9l Tl AR FAste] =
ok 1 & ZA Pk OPRC-HNS o)A el AHel7b 744 @ F(Chloroform), E & & & ol & @l(Trichloroethylene), %3 3}oll &
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&l (Ethylene dichloride) S-°]™, sjA-%o0] wWo] Fo] F&3}
HNSo|t}. 2 Ao 7] A4 B4 s A 4 o)
EHEE 345 Ao| ElEsith o]9dd = E(Sulfur),
@l (Naphthalene) 5% 9 A] aj %o A= Edol},
2 Al "R WIE ) vrol Boolqte] &M fjAlo A

A, o] BASANE AHgol Frug s 23y

e r1r

5
A 9
of tisfiA AESFAL Ut
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S o nﬂﬁ

3. RLHEH JIAA 35 LA

Ao Akl A E= HNSE 3]str] flaiA 7=

o AW HA Fe AAH di BAL Ao
g 5ahis PAo] U@ ¥l Basich oed ol

A HA=ds st ZIAEA S dEAl At &

4 74) (Dredging system)©] T}, &4 1] o] B{F &= ajA vy
Wel EAHES 13(Grab)olyt B A (Bucket)d S AXE
8359 st WA BEld o sstar T Al
g ol gate] FYPshs WAoR FET F k. ol
Tz o] A} g o] o] H g, o]E F

A A HNSE 85317 A% 1 AFA7L 7ok b
1% % Qov, ANF Hane
Ao AAH B5gA] AGAAN FEF 5 Aok

r
X
=5
fo
oX,
off
fo
)
o
)
>~

3.1 =2 M2 Fx[e 2F
Qe o Zolut uirhe] uheel] 4
L FAANE ALl o

1984). ]Ur njte] HWUH 3%%%‘ NIAR o= 3|5
e A= 2R E SRS 2oy WA 22 g
& g8t AF 3 B HE A2"E o838t &
Yok HE 34 oo FEEoH(Palermo et al., 2008). B

Z(HNS) 3|58

34 Wk o] ZAAAE E(Wheel)d 23 F(Screw) S &
W o m e AlE STk Table 12 4 WS F3
%

Table 1. Classification of systems for pollutant recovery

Recovery methods Detailed types

Grab bucket
Articulated bucket
Hydraulic crane

Diver

Direct recovery

Bucket wheel
Cutter wheel
Horizontal auger

Pumping recovery

Hopper
Scrap rotor
Water pump
3.2 5T 34 Wy
AR 3¢ WAl 7

“ y = [S]
TOR AMgehe A7 wer g S 139 A7
w2t 1~200m'/hre] 58S 7HA AL vk Fig 22 2] AHE
Ha olE AR g5 e oA E et 13l 99
I EE gfolo] B foF ARlrlel 23 AlojEH, A<l
o] spojolE Fhole|i= Fok Bale] 3] S W
AA] PAE AYar glefof sz 54o] sk A4 34
A2 ot 22 548 7 AL lrk(Palermo, 1991).
) 2o A3 ededs ¥ SHYuE Mg 44T

8571 7P sk,
2 QLGB 49 ek A 5ol FaEel s o

2 o] e o el Atk

(a) Grab bucket

(b) Articulated bucket

(c) Hydraulic crane

Fig. 2. Examples of recovery devices with direct recovery method.
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) 87 ANe Bhow g gl A5 49 B
5 F8%) @ 857} 2l
4 FG R FWL P A o gARE AAs
o $83AW 85 JFsiat AAH BF 71%A
A7t A,
3.3 HZ 34 w4
HLE AHgele] QPBAS 3)5sHE Witk B
g §%E ol Gole] LARAL FAWS, SuctionF F
o1& FHOE olFWTh LAEA NFPAL B F9US
Azsielr] 919 i e B e B4E U] s8] H4el
Y AR AAA 7 A2 edBde] NS A%
of EFeIN UAT FAZ AP 5 9= FH, 34 A
ool ] 94 el Wol NHSo=M A 4EHS
Fol B FYH A¢ YA WskAE FAH, G
S AARE 32 ol Yok PI A5 PHL Bt 2
& E4S 7443 9)h(Palermo, 1991).
DogRd £ F B BTl A4 85 YAl v

2)

3) A8 Bl o= FA5E eddde] A4 #
dehA &3 = VITE AYA e £
o Aol met F<l s Ho] Wts)

A = A7y fdel o8 FeEn, ed=de
Hzo] il oel] FHH o] solz g Foto] o]FHT
A& =] 59 HEZ = T (Ladder, Arhe] o] FE2E)
TEEe] Adetd fiAsta vk A o] v RH=
ghf o] Al dAHa, oy F4He Fgol= el
SAEol AAHo] FeFel o FHE A 2=
A b Fel At wAde & g d=Es 1A
w0} Stk F<l vpolZ= aigtel HE F J=F Ho] gl

o, 3" o] 7453} Zappi and Hayes, 1991).

3.3.2 I EtQ 3| $FX]

W7 (Bucket) EFY 35 AR ubo| A HE )
e gest AN oheksk Auk el AR Q)
thogteel AQls dAste] WA 5 FIAEE A
Fe7b dwkA ot Ao A WAL o] &3}
Ao B 2 o] 3tk(Palermo, 1991). HZ B} 9
1 | A7} Fig. 4elth W7 B 353 E v
&

fo = o2 rr
2
[}
mone fo

5 s %ol At
6) N2 A (Carriage)’t BAE 715 223 =(Spud)7} L 8.3}k
7) ShtE ] AgsA e, w2l Aol A8 50% o

sho] e B9 FEel Wojzith

o

o rlr

o
P‘ﬂ
2

[0 oF Fo m

=] o] th(Van Craenenbroeck et al., 1998). Fig. 57} &
3| Ae tig ol & YERdTH
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Fig. 5. Examples of recovery device with suction pump.

4. H527 24

41 M5X8E &

2 2 R ATeLES $AHeE =5 Aotk A

A% A TF3l(Limiting wave height), #3F f<5(Limiting
current), | & FAMaximum depth), 4 & 4

(Minimum depth), 4§ 2HE-(Production rate), 13 E-(Percent solid),
2] 2+ 4 &= (Operating accuracy(vertical)), =3 21 A&
I=(Operating accuracy(horizontal)), 12 Z-5F(Soil type), X%
Bl (Harden/rock bottom) ¢] 107}%] 3% o0 7 M4}, v

frée ZIAEA 8 Al 2ask ddEE s YERE
azolth Ho) £ £ Az &8 2L AARA
TFR(E7) o AAHE & 7T =4 FHolth A

5 2

oft

e A 2 o) NG E
olr, nHHL 4w BN N nPBAe) Wl gol
o AR £, 59 wgew 359 A eapyd)
2 guath 44 FF9 A% Fele AP Pl A f2)
@ a4l At A%, el GelE e Fig 62 4

p

SAEE B8] A A

TS g WA ES HNS 355 e VA%
A Agol spsdith ol WAEe FHES DIV 42 4SXE HS
AANE AN DG P5ARE mEaa, AT 4 /1) 29EA /AH 3591 2 gl s 5
SAEA dF aAe s A4 e Adstel W EE Aol 1 SAES waskdt 48 35 4
FaloF Frh(Hwang et al, 2020). ©] & F3l 71AA s5dx HZ 35 gaol dis] Z47 Blalste] 4183 Table 2
of tigk A7 W (Design Parameter) 55 A4S o] & Md = AR 35 WAl dal] FeAEE A8 Aol tho
AA g 7|2 A ] Rk siof gtk o] A, Al & F4e] 30mola P Eo] 5% °]Ft=
HNS 858 918 /1A3A9 A5ARE @4 A88E 7P S8 w, garso] Ismvh 7bg stk v
ke WA e) Eagulel tal 4 ¥ 29 BAL UE o AS, AR F, A5 2L REde A4l A%
5 e 2AER AASAL FAPue FAawdel A% % ehilels sk =d 80~90% 9 tha ol
0E E ATES Ausgoan 7t A5 FHES  Av AFES 7P, S 50~ 190mVhr B Eolth o]
At Sk AAH H5FA7L 298 Avkged w WA F 9w Aol Aol uhet Ao &8 4ol
Wt. of dry sediment
Percent solids = dy
Wt. of wet slurry
Mean ,Limiting Wave Height
Surface |
L
__ Limiting
: Current
Minimum Depth
y Production Rate [
= Maximum Depth
. Operating accura Soil Type
— Target line ————?— ————————————————————————————————————————
Seabed Harden/Rock Bottom

Fig. 6. Performance indices of mechanical recovery systems.
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Table 2. Performance indices of direct recovery methods

Item Diver Grab bucket Articulated bucket Hydraulic crane
Production rate 15 m*/hr 50 ~ 190 m*hr 50 ~ 190 m*/hr Site-specific
Maximum depth 30m Depend on cable length 15m Limited stability
Minimum depth 0.5m Om Om Om
Soil type - Soil, Gravel, Clay, Loose rock
Harden/rock bottom Very good Bad Bad Bad
Percent solids(by weight) <5% 80~90% 80 % 80 %
Operating accuracy(vertical) - +15cm +5cm +5cm
Operating accuracy(horizontal) - +10 cm +5cm +5cm

Limiting wave height -

Depend on barge

Limiting current -

Depend on barge

2,

oy
o
2
k=)
[ru
rr
rQL' P I-J
o
4

1B

2 3~5knoto]th W7 &, _@vﬂ(Hopper) °1E1f‘4°] 45
~40m FAA Zo] 7hEsiH, WA e FA e %
EA4 4 3m o] F4le] gy Agel vt g-do] 7hEst
th &9, e AZ A vko] bk X FellA J&Jﬂre AS T+
ATH= EAo] et g EL
Qbgro 2 UhERY of

e AL F0% = Aok A 4, 53, £7

[9%]
(=]

P

Table 3. Performance indices of pumping recovery methods

o] 4% 70~285m/hre] AALES YERH, WA #2320~

380 m/hre] AJAHER 29 A mEt AAES] Wt F
S & ok U] AXF 9, 38 ZE8 ] 9l
10cm Mol 328 873k Ao R YERT

4.3 4522 Aot

4715k ol 71E AAA 85
A ASAEE LR 2 PArike] 540] gx
AR B5gAe) A bsd AE D ASAE e
g3l 2 ARE MPOR YSAES HAv)
P

R

l‘_>|:
o

v

-

15

(¢}

N

B4R e ARl e A1 S5 B % Rl o
@ Al w48 Bal, Aol AHE HNsE A AR o 3
akel Aelab) e BRW e ase Wgstd At
spch w o714 dESHE V1% FEolA 2 A eng

Item Bucket wheel Cutter wheel Hopper Horizontal auger Water pump
Production rate 20 ~ 380 m*/hr 70 ~ 285 m’/hr 70 ~ 285 m’/hr 70 ~ 285 m’/hr Site-specific
Maximum depth 30m 15m 45m 8§m 45m
Minimum depth 3m Im Im 0.5m Im
Soil type Soil, Gravel, Clay, Loose rock
Harden/Rock bottom Bad Bad Good Bad Good
Percent solids(by weight) 10% 10 % 10 % 10 % 15%
Operating accuracy(vertical) +10 cm +10cm +15cm +10cm +15cm
Operating accuracy(horizontal) +10 cm +10cm +10 cm +10cm +10cm
Limiting wave height <lm <Ilm <Ilm <Ilm <lm
Limiting current 3 ~ 5 knot 3 ~5knot 3 ~ 5 knot 3 ~5knot 3 ~5knot
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BN S Y 85 e uAsd Fe A
delets g veld Abask Bad Aew shgskerk
ikl frEAbaLs Qe el A A E HNSe] 7] AA 3]
Aol gk 45 a3S vE 2o Table 50]tt.
Table 4. Analysis of performance indices
Item Max Average Min
. 20~380 45~330 70~ 285
Production rate mhr e e
Maximum depth 45m 24 m 8§m
Minimum depth 0.5m 1.5m 3m

Soil type Soil, gravel, clay, loose rock
Harden/rock bottom Partially good
Percent solids (by weight) 15% 12.5% 10 %
Operating aceuracy +15cm +12.5cm +10cm
(vertical)
Operatlng aceuracy +10 cm +10 cm +10cm
(horizontal)
Limiting wave height <Ilm <Ilm <Ilm
Limiting current 3~5knot 3~5knot 3~S5knot

Table 5. Performance requirements of mechanical system for

recovery of deposited HNS from the seabed

Item Requirements

Accident area Assumption: an accident in the port

Mechanical type Grab or suction

Production rate 50 ~ 300 m’/hr

Maximum depth 50 m

Minimum depth N/A (Depend on mechanical type)

Soil type Soil, gravel, clay, loose rock

Harden/rock bottom Partially available

Percent solids (by weight) 10 %

Operating accuracy +10 em ~ 15 cm

(vertical)
Operating accuracy
+
(horizontal) 10 cm
Limiting wave height <lm
Limiting current 3 ~ 5 knot

Ad 71 A 35ERE 50~300 m/hre] YAES 7HA
, LHELS 10% oY, 2 AEEE +10em~15cm, 3
= 4 10cm ©]sFo]ojof ), )HE e A A Eo| %

8ol 7hseloF s, bl Ak A ARRE = glojof

2o §

AHNS) 358 7| AFA ] e B4

Aok A S5gHE AN Sl Aol Abgst
7ol BpgetH, olel Al il H A F52

b s 749 1m v

A A iTO: A H

:
APsHE Aol egstian austah by F8w

o=

&8 FAZ et A aste] Al 50 m7hA ol
M ARRE = dEs AAHolof it HA 8 TS
3 AR 3 A, B 3 )l uet 244
Zolt}, ol Z2 Aeads WS A% Ad A
2 7] AATYE o] Foj Aok &, o] ds 23ES WA
7= 7IAA BledAE R el

ddle] aldel = 6,00009F 2] steEdE] B o=
EE ek e Ao AYS LA ALY WA
Lol 2 2FEHQ HNSE Egtetar vk H FHE
(SANCHI) AFare] e} o] HNSO| fr&-2 al ¥kl A7t
g &S FUE s ol oM ITOPFE= old tisf 4
atar ok AbarE 9la] AMulo] A A% HNS7F fEo] W
theket =84, shetA Wyt wAste, 53 A2 317
sto] Z A E HNSE AW e Al Akt oFF s +
th kA REEA] B A 312 HNSE Bkl A g ate] 34
glof gheh. o] #lgk oA 2 A= s Aol A HNS
£ 3Fatr] fAgk 71AEA 9] sk =4S kA, 71
A 3] el He-dA o dash AA WFES A
Adalor sk, ol& 98l Fast 7AA IG5 A I HEEA]
b ok & s e EA A sl 71E S E
= A sl B Jx 3 Ao R ER7F 7hsehe,
7y kAo i opekst FAES vaste] £4519lth 3
g AT 2ol digk B4 Bal 71AA 3R] bl
g AeARe EEH HdAo] shesith A A wet
ZNAA 3R] 5EAS nlastal ol & &8st e

HNS 71A1A 3|52 st FsaiEs Atstalrt &
W ulell A o] AFaLE 7R EFAL 50 mo] Zo]oll A, thFek A A

7 ol A, 50~300m3/hr9] g&%‘_r% A4, 10%] 18 F

& & AU o)A Y
e e e MeR At A bE 8

7he gk g Eolt) o] Ae s VIAA sA o] A
dAaAet 71 2AAE 9% Fa A MeER 28T,
7IAA B dee dehde Axz 289 Aot
oleldt ds e dlAMA HNSE 3lFaty] 9% VA
Ao st Al &gd Aew 7|dEn
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